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Often di‰culties in understanding thermodynamics arise from using di¤erent termi-
nology or semantics. Therefore here some few remarks are made for tending towards
a uniﬁed thermodynamical terminology.
First of all one has to distinguish between two di¤erent description of thermody-
namical systems: Such a system can be described as a discrete (or lumped ) system or
by ﬁeld formulation. Discrete systems are separated from its environment by parti-
tions. The interaction between the discrete system and its environment can be de-
scribed by exchanges, namely by heat exchange, by power exchange and by material
exchange (Schottky system) [1]. The discrete system itself is characterized by in gen-
eral time-dependent quantities, the basic variables, belonging to the whole system [2].
This is of course a reduced model of a thermodynamical system. For a more detailed
depiction of the system, it has to be described as a composite (or compound ) system
or by ﬁeld formulation.
The exchanges between the system and the environment depend on both their basic
variables. Because naturally no gradients appear in the description of discrete sys-
tems, this concept is used in thermostatics. But also complex machines in engineering
sciences are described by discrete systems, if mainly exchange quantities are of inter-
est. Thus, for a reduced description of complex situations, the concept of a discrete
system is a very useful one.
As mentioned already, if more information is neccessary, we have to describe the
thermodynamical system by ﬁeld formulation. Here the quantities describing the
system are in general n time-dependent ﬁelds aðx; tÞ [3] which satisfy the following
balances
qtð%aÞ þ ‘  ðv%aþFÞ ¼ S: ð1Þ
Here %ðx; tÞ is the ﬁeld of the mass density, vðx; tÞ the ﬁeld of the material velocity,
Fðx; tÞ the ﬁelds of the conductive ﬂuxes belonging to a, and Sðx; tÞ the sum of the
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production and of the supply terms of a. In general, not all of the a are wanted (or
basic) ﬁelds. In non-extended thermodynamics [4], these basic ﬁelds are the following
ﬁve ones
ð%; ; vÞðx; tÞ: ð2Þ
Here ðx; tÞ is the ﬁeld of the internal energy.
The balance equations (1) are underdetermined: They represent n equations for more
than n quantities. Consequently, we need additional equations for obtaining a deter-
mined system of di¤erential equations. These additional equations are the constitu-
tive equations which describe the considered material of which the system consists.
For performing the derivatives in (1) we need a state space which is deﬁned as the
domain of the constitutive equations. In general the state space is di¤erent from the
wanted ﬁelds [5]. In non-extended thermodynamics, it includes also derivatives of
the wanted ﬁelds
z ¼ ð%; ; v;‘%;‘;‘v; qt; . . .Þ: ð3Þ
In extended thermodynamics [6, 7], the state space does not contain derivatives of the
basic ﬁelds, but instead of them the traceless stress tensor P0 and dissipative ﬂuxes,
such as the heat ﬂux density q
z ¼ ð%; ; v;P0; q; . . .Þ: ð4Þ
For these additional ﬁelds, one needs additional balances equations. The constitutive
equations are now
aðzÞ;FðzÞ;SðzÞ; ð5Þ
and the derivatives in (1) become
qta ¼ qa
qz
 qtz; ‘  a ¼ qa
qz
 ‘z: ð6Þ
If we now introduce (6) into the balances (1), we obtain by using the balance of mass
q
qt








 qtz ¼ SðzÞ: ð8Þ
These balance equations are called balances on the state space. Dependent on
the special constitutive equations this system of di¤erential equations is highly non-
linear, but often, it is not su‰cient to describe complex materials. For describing
complex materials one need additional ﬁelds bðx; tÞ beyond the aðx; tÞ. Additional
ﬁelds demand additional equations for them
qtð%bÞ þ ‘  ðv%bþCÞ ¼ X; ð9Þ
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and the original balances (1) contain di¤erent constitutive equations
qtð%aÞ þ ‘  ðv%aþF 0Þ ¼ S 0: ð10Þ
The usual way to describe complex materials is to include additional ﬁelds and their
governing equations (9). The di‰culty which arises is the knowledge of these addi-
tional equations (9) and of the material equations F 0ðx; tÞ and S 0ðx; tÞ.
Another method of describing complex materials is the mesoscopic theory [8]. Instead
of introducing additional ﬁelds, we introduce additional variables, called mesoscopic
variables, which extend space-time
ðx; tÞ ! ðx; t; bÞ1 ðÞ: ð11Þ
The ﬁelds are now deﬁned on the mesoscopic space (11):
%ðÞ; aðÞ; vðÞ;FðÞ;SðÞ: ð12Þ
They are called the mesoscopic ﬁelds. Their balance equations are obtained by an
additional derivation with respect to the mesoscopic variables b
qtð%aÞðÞ þ ‘  ðv%aþFÞðÞ þ ‘b  ðu%aþFÞðÞ ¼ SðÞ: ð13Þ
Here uðÞ is the mesoscopic change velocity which is an analog to the material velocity
and is deﬁned as follows:
ðb; x; tÞ ! ðbþ uðÞDt; xþ vðÞDt; tþ DtÞ: ð14Þ
The mesoscopic balance equations (13) have to be solved by methods which are also
applied to the balances (1). Examples for mesoscopic variables are the dryness frac-
tion in a two-phase ﬂow, the microscopic director in liquid crystal theory [9], the
damage parameter in crack theory [10] and the orientation of microcrystallites in
microstructured media.
The mesoscopic theory introduces a statistical element, the mesoscopic distribution
function [11]
f ðÞ :¼ %ðÞÐ
%ðÞ dM ; ð15Þ
which represents the normalized mesoscopic mass density. Here the integration is
performed on the mesoscopic variables of the mesoscopic space (11). Because of the
deﬁnition (15) and of the mesoscopic mass balance
q
qt
%ðÞ þ ‘x  f%ðÞvðÞg þ ‘b  f%ðÞuðÞg ¼ 0; ð16Þ
which results from (13) for a1 1, the mesoscopic distribution function satisﬁes the
following balance equation
Thermodynamical terminology 201
J. Non-Equilib. Thermodyn.  2004 Vol. 29 No. 2
Brought to you by | Technische Universität Berlin
Authenticated
Download Date | 4/17/19 5:27 PM
qqt
f ðÞ þ ‘x  ½vðÞ f ðÞ þ ‘b  ½uðÞ f ðÞ ð17Þ
þ f ðÞ q
qt
þ vðÞ  ‘x
 
ln %ðx; tÞ ¼ 0: ð18Þ
This mesoscopic balance equation contains the macroscopic mass density. Inserting
it, we can see, that (18) is highly non-linear. The macroscopic inﬂuence on meso-
scopic quantities is often denoted as a ‘‘mean ﬁeld’’ theory.










fðÞ þ %ðÞ½vðÞ  vðx; tÞ2g dM; . . . : ð21Þ
By the mesoscopic distribution function (15), we obtain a family of macroscopic order
parameter ﬁelds which describe the complex material additionally to the usual ﬁelds
(2)
ð
f ðÞ dM ¼ 1; ð22Þ
ð
bf ðÞ dM ¼ Bðx; tÞ; ð23Þ
ð
bbf ðÞ dM ¼ Bðx; tÞ; ð24Þ
ð
b . . .mtimes . . . bf ðÞ dM ¼ Bmðx; tÞ: ð25Þ
Besides the balance equations (1) or (13), we have to take into consideration the
macroscopic dissipation inequality by which the second law is introduced
qtð%sÞ þ ‘  ðv%sþ fÞ ¼ sb 0: ð26Þ
There are di¤erent possibilities of exploiting the dissipation inequality. The most
simple one is ﬁrst to solve the balances on the state space (8), and then to determine
parameters in the constitutive equations in such a way that the dissipation inequality
is satisﬁed. The second method of exploitation is those of Coleman and Noll [12].
This exploitation method does not take all balance equation into consideration as
constraints, which is done by the Liu exploitation [13].
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These few remarks may be su‰cient for stimulating the discussion on thermody-
namical terminology and on the concepts on which it is based. The original litera-
ture, where the concepts can be found, is cited below.
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